Over the past decade, water and wastewater utilities have been gradually replacing local municipalities in Israel as the providers of drinking water and wastewater treatment services. Most utilities serve one or two cities or several small municipalities, often operating at a low profit or even at a loss. This research examines the factors influencing the utilities' profitability, including the potential existence of economies of scale. The results show that for small utilities, an increase of 10,000 in population size is associated with an increase 0.5%-1% in gross margins, but this increase tapers off as the utilities grow larger. The profitability depends on many other factors, including the utility's age (experience) and physical location, as well as the municipality's structure and socio-economic rating; therefore, the optimal utility size varies greatly for each area.
Introduction
In Israel, regional water organisations deal with the supply, allocation and infrastructure of water and wastewater treatment and play an important role in the country's economic growth. At present, Israel has 55 water and sewage utilities, serving a population of 6 million in 130 municipal authorities. A sharp increase in water prices in Israel in the past few years has resulted in a significant reduction in water consumption, which in turn resulted in a disproportionately large decrease in the profitability of many of these utilities, as their fixed costs form a large part of the companies' total costs. The Israeli Water Authority, which oversees water management in Israel, believes that reducing the number of utilities and increasing their size (i.e., the population served by each utility) can improve their profitability. Carvalho et al. (2012) showed that previous research projects have yielded conflicting findings regarding the optimal size of the utility (defined either by its total income or by the number of consumers served) and the feasibility of vertical integration; although they, as well as Shih et al. (2006) noted that most research shows an advantage to size. Ashton (1999) and Cave (2009) recommended uniting water utilities to benefit from advantages to size, and Reingewertz (2012) found an advantage to size in uniting small municipalities in Israel. In contrast, Abbot and Cohen (2009) and others found disadvantages to size. Pollitt and Steer (2012) concluded that the optimal size is variable and highly dependent on country-specific conditions.
The optimal size depends on the utility's goals, which may include, for example, financial success, improved water quality, and better customer service. The first goal, financial success, is essential to an organisation's long-term survival. It is evaluated through conventional financial ratios, calculated from the organisation's financial reports data. This method is applied frequently in the water sector; for example, British Water Services Regulation Authority used it to compare the performance different water utilities in the UK and improve decision-making in the water sector (OFWAT, 2008) .
The financial indicators of water utilities, and the factors that may potentially contribute to their success, are analysed in order to obtain a better understanding of the utilities' operations and improve the decision-making process regarding the optimal size and number of water utilities in Israel. The following definition of terms presents the main indicator of utility performance used in the analysis -the gross margin -as well as some of the factors that may influence it.
Definition of terms
• Gross margin: The gross margin is an important indicator of profitability; Investopedia (2014) defines it as: "A company's total sales revenue minus its cost of goods sold, divided by the total sales revenue, expressed as a percentage. The gross margin represents the percent of total sales revenue that the company retains after incurring the direct costs associated with producing the goods and services sold by a company. The higher the percentage, the more the company retains on each dollar of sales to service its other costs and obligations".
Gross margin (%) = (Revenue Cost of goods sold) Revenue −
• Compactness: A residentially compact municipality is defined as one with a concentrated urban-spatial structure with internal continuity of land use, and residents that are relatively close to the municipality's functional centre; this is in contrast to urban sprawl, where the spatial development is spread out and divided. The Israeli Central Bureau of economics established for each municipality a compactness index between 1 to 10, where 1 is the most compact and 10 is the least. A given urban area may be densely populated over a small area (i.e., a 'compact city'), or it may sprawl out over a large area, with some neighbourhoods being quite far away from the city centre (i.e., a 'dispersed city').
• Socio-economic index: The Israeli Central Bureau of Statistics divides the municipalities into ten different socio-economic levels, with the strongest municipalities rated as '10' and the weakest rated as '1'. The rating is a composite of different socio-economic indicators, e.g., income, unemployment, car ownership, and high school and college education.
Methodology

Data
The statistical analysis was based on constructing a database for the years 2004-2010 for a sample of 25 water and wastewater utilities that included data from their financial reports as well as data on a variety of geographical, climate, location, urban and socio-demographic characteristics for the municipalities served by each utility. Choice of relevant data was based on literature review and on extensive interviews conducted with utility managers to understand their concept of the impacts on their performance.
The financial ratios were computed from the utilities' annual financial reports, from the date of the establishment of each utility to 2010 (years of establishment ranged from 2002 to 2010). Since the utilities have varying establishment dates (Table 1) , the total number of financial reports amounted to 70. The research sample included six large utilities, defined as a utility with annual sales revenue of at least US$26 million in at least one of the utility's years of operation; all these utilities serve large cities. Eleven additional utilities were defined as 'medium sized', ranging in revenue from US$8 to 26 million per year. Eight utilities were defined as small ones, with annual sales revenue from water and sewage services less than US$8 million (all in 2010 prices); a relatively high percentage of these utilities serve groups of small rural municipalities.
Information on the local municipalities served by each utility was derived from the Israel Statistical Yearbook, published by the Israeli Central Bureau of Statistics, for the years 2002-2010. The database included general data such as type of municipality and its compactness; data on water consumption (supply, consumption and water depreciation); geographical data (altitude); location (distance from the Tel Aviv metropolitan centre); demographic (size of population, distribution by main religion); and socio-economic indices. The socio-economic index ranged from low (1-4.9) for municipalities served by five utilities to medium (5-6.9) for municipalities served by 11 utilities, up to high (7-10) for municipalities served by another five utilities.
Financial indicators
Analysts measure the financial success of companies through a series of financial indicators calculated from the companies' financial statements. Five main financial indicators were chosen to represent a picture of the efficiency, stability, and potential for growth of each utility. Table 1 presents the financial indicators used as well as the desired direction of each indicator (whether a higher number represents a better or worse outcome for the firm). Efficiency was measured by profits and costs; financial stability by short-term and long-term debts; and potential for growth by the utility's investments. Each indicator was calculated as a proportion of that utility's sales revenue, to enable a comparison of utilities with sizes of different orders of magnitude. The main financial indicator used to analyse the utility's profitability was the gross margin, as defined in Section 2 (definition of terms) above. 
Research hypotheses
Ten research hypotheses were formed, based on findings from Hellstrom et al. (2000) and Byrnes et al. (2010) , and on interviews with local utility managers. They encompass a variety of factors: the characteristics of the utility (its age and its size, defined in terms of its total sales revenue); the population served (population size, socio-economic rating and ethnic composition); the residential area (compactness); geographic factors (altitude and location -distance from Tel Aviv); and changes in public policy over time (the year of the financial report). The hypotheses concerning impacts on the utilities' profitability, as measured by their gross margins, are as follows:
Utility age
Hypothesis 1 Profitability is higher in older utilities.
It is assumed that with time, each utility goes through a learning process and improves with experience.
Utility size (sales revenue)
Hypothesis 2 Profitability is higher in utilities with higher sales revenue.
Population size
Hypothesis 3 Profitability is higher with greater population served.
Population's socio-economic index:
Hypothesis 4 Profitability rises with a higher socio-economic index.
It is assumed that managers may face difficulties in collecting debts in lower-income areas.
Ethnic composition
Hypothesis 5 Profitability is higher in ethnic majority municipalities.
In Israel, residential areas composed mainly of ethnic minorities often have a less developed infrastructure; and in some cases public utilities encounter greater difficulties in communicating with and collecting payments from local residents in these areas.
'Urban' vs. 'local' municipalities
Hypothesis 6 Profitability is higher in urban than in local municipalities.
Municipalities in Israel are formally defined as either 'urban' or 'local' municipalities, with the latter group usually representing several spread-out small rural settlements. Municipalities serving cities, as well as large rural areas, are defined as urban; they often have better organised service and collection systems, and are likely to be more profitable.
Compactness
Hypothesis 7 Profitability is higher in more compact areas.
In municipalities where the residents live closer to each other and closer to the service centres, the length of pipes needed is smaller and it is easier to reach the consumers for collections and providing service, thereby reducing costs and increasing income, potentially resulting in higher profitability for utilities serving the more compact municipalities.
Altitude
Hypothesis 8 Profitability is higher in less mountainous areas.
A mountainous area was defined by the point of maximum altitude in the area. Pumping water to greater heights is more expensive and increases the total utility costs for a given level of sales.
Distance from Tel Aviv
Hypothesis 9 Profitability is higher with greater proximity to Tel Aviv.
Tel Aviv is the country's main hub of business and financial activity; utilities closer to the city may benefit from proximity to the suppliers' and engineers' main offices, as well as to Israel's largest sewage treatment plant, the Shafdan, which serves the Tel Aviv metropolitan area.
Public policy (year of financial report)
Hypothesis 10 Profitability changes in the same direction for all utilities in a given period of time.
In Israel, public policy and regulation changes often have a major impact on the water sector profitability. For example, a 'drought tax' levied in 2009-2010 resulted in a major increase in water prices, and consequently in a large reduction in water consumption in those years. Additionally, economic changes on the national level can have an impact on the profitability of all utilities, regardless of their individual characteristics. These circumstances are reflected by the 'year' variable, which is the year of the financial results measured (the financial data is taken from the end of the year financial reports of each utility). It is assumed that at least to some degree, profitability changes in the same direction (up or down) for all the utilities in a given year. Determining the factors that have the greatest impact on profitability was done by conducting a multivariate regression on these factors as independent variables, explaining changes in the gross margin as an indicator of the utility's profitability.
Results and discussion
The sample included 25 utilities of varying ages, sizes and levels of financial performance. As some of the data on profits was missing, the total sample consisted of 47 observations (an observation is an end-of-year financial report for a given utility). Table 2 presents the main financial ratios for each of the sample utilities, in descending order of sales revenue (ordinal numbers), starting with the utility with the highest average annual sales revenue. The next column to the right shows the year of establishment of each utility. The next five columns show the results for the financial ratios as defined in Table 1 ; each financial ratio is the average ratio for that utility throughout its years of operation.
The analysis of the utility's profitability is based mainly on its gross margin, as defined in Section 2 (definition of terms) above. The analysis of the utilities' financial reports resulted in the following general findings:
• There were large gaps in the working capital (current assets minus current liabilities relative to sales revenue) of the different utilities. Eight utilities had a negative working capital, which indicates problems in their cash flow.
• The utilities tended to have a high percentage of long-term debt to sales. For example, at the end of 2007 the average long term debt of municipalities to banks was about 40% of their annual sales, while the average for water utilities at the same time was 105%.
• The ratio of general and administrative costs to sales revenue in most utilities ranged between eight to 15%, which is similar to the range in local municipalities.
• Many utilities had large cost fluctuations in the first two or three years after their establishment, followed by a more stable cost structure in later years.
• The cost of providing water and wastewater services was about 80% of the total costs of the water utility, and higher in newly established utilities.
• The main cost component was the cost of purchasing water (most utilities purchased their water from Mekorot, the Israeli National Water Carrier). This cost was on average about 40% of the total utility costs, ranging between 12% and 62%. Utilities that produced some of their own water tended to be more profitable.
• The cost of treatment at wastewater treatment plants was the second largest cost component -on average 11% of total costs, up to a maximum of 24%.
• The total cost of wages was on average 7.5% of total costs, comprised of 4.5% in wages directly related to water and sewage operations, and 3 percent in general and administrative wages. However, this figure can be misleading, as the same operations are in some utilities carried out in-house and reflected in the costs of wages, and in others handed out to sub-contractors and listed under different cost items.
• The general and administrative costs were on average 10% of total costs, and finance costs were about 5% of the utilities' total costs.
Several factors were found to influence the utilities' profitability relative to sales. Table 3 summarises the results in relation to the relevant hypotheses. The figures following the table illustrate the relationship of two factors -utility age ( Figure 1 ) and population size ( Figure 2 ) -with the utilities' performance. Discussion of the impacts of individual factors is followed by the results of multiple regressions in Tables 4 and 5 before reaching the research conclusions.
• Utility age (Hypothesis 1): Age refers to the length of time (in years) since the utility was established. Profitability increases with experience, especially in the first few years of the utility's operations (Figure 1 ). There is no correlation between age and the other financial indices, but the long-term debts tend to be higher in newer utilities.
• Sales revenue (Hypothesis 2): This variable refers to the utility's total income from water and wastewater activities as an indication of the utility's size. The profitability relative to sales increases logarithmically with total sales, increasing at a faster rate for small utilities than for large ones.
• Population size (Hypothesis 3): This variable refers to the size of the population served by the water utility as an indication of the utility's size. The profitability increases logarithmically for utilities serving larger municipalities (Figure 2) . Socio-economic level (Hypothesis 4; term defined in Section 2 above): There are large gaps in the socio-economic rating of the population in different utilities, ranging from a socio-economic index of 2.4 and an average wage of US$1,091 per month at the low end, to a socio-economic index of 9 and an average wage of US$2,855 per month (in 2010 prices) at the high end. Some utilities have large gaps in the municipalities within that utility; for example, one utility with an average socio-economic index of 3.3 had a gap of six points in the rating between the highest and lowest municipality's socio-economic index within that utility.
The hypothesis was that profitability is higher in utilities that serve populations with a higher socio-economic index. In practice, the analysis shows that utilities serving populations of either high or low socio-economic ratings are more successful that the ones serving populations of middle-level ratings (reflecting average middle-class income levels). The determining factor is the average socio-economic index in the utility area: The gaps between municipalities served by the same utility, as well as the level of inequality within each municipality, did not have a significant impact. The higher profitability in low-income areas is at least partly due to the high subsidies paid by the Israeli Water Authority to utilities serving low-income municipalities that enable them to show a profit despite reported difficulties in debt collection.
• Ethnic diversity (Hypothesis 5): Profitability tends to be higher in ethnic majority municipalities.
• Urban vs. local municipalities (Hypothesis 6): The profitability of utilities serving towns and cities is higher than that of the utilities serving the smaller local councils.
• Compactness (Hypothesis 7; term defined in Section 2 above): The profitability is higher in more compact residential areas, relative to more dispersed residential areas.
• Geographical altitude (Hypothesis 8): Profitability is lower in mountainous areasthere is a negative relationship between profitability and the maximal altitude in the area served by the utility.
• Distance from Tel-Aviv (Hypothesis 9): The profitability increases for utilities close to Tel-Aviv and decreases as the distance grows beyond 30 km from the city's borders.
• Public policy (year) (Hypothesis 10): The year variable refers to the municipal data from that year and to data from the utility's financial report from December 31st of that year. The overall trend shows a decrease in the utilities' profitability over time. This is especially prominent in 2008, when the sharp increase in water prices due to the 'drought tax' brought on a sharp decrease in water consumption, and consequently in the wastewater treatment volume as well. Table 3 Impacts of different factors on the utilities' gross margins
Variable and hypothesis Results
Advantage to age: Profitability is higher in older utilities.
In the first five years following the utility's establishment, its profitability improves with time. From the sixth year on there does not appear to be an advantage to age.
Advantage to size (sales): Profitability is higher in utilities with higher sales.
Profitability is higher in larger utilities, and the impact is greater for small utilities in the process of growth than for medium sized utilities. The relationship is logarithmic -that is, profitability increases with the increase in sales revenue at a greater rate for smaller utilities than for larger ones.
Advantage to size (population): Profitability is higher with greater population served.
Profitability is higher in utilities that serve larger populations. The relationship between profitability to population size is more significant that the relationship to sales revenue.
Population demographics (socio-economic): Profitability rises with higher socio-economic rating.
Profitability is higher in utilities that have either a low or high rating than in the middle-class areas.
Population demographics (ethnicity): Profitability is higher in ethnic majority municipalities.
Profitability is higher in ethnic majority municipalities (in Israel, Jewish-Israelis form the majority group).
Municipality's legal definition: Profitability is higher in urban than in local municipalities.
Profitability is higher in utilities where at least one municipality has a legal standing of "urban" rather than "local" municipality.
Compactness*: Profitability is higher in more compact areas.
In municipalities with medium to high compactness, the profitability increases with compactness. No relationship was detected in highly dispersed municipalities.
Maximum height: Profitability is higher in less mountainous areas.
There is a negative statistical relationship between maximum altitude and profitability, although there are some profitable utilities in very mountainous areas.
Distance from Tel Aviv: Profitability is higher with greater proximity to Tel Aviv.
There are some advantages to being close to the center, for utilities at a radius of up to 110 km from the city. Not relevant for more distantly located areas.
Year of financial report: Profitability changes in the same direction (up or down) for all utilities in a given year.
The trend of decreasing water consumption over the years corresponds with decreasing profitability for most utilities.
Notes: The terms 'gross margin', 'compactness' and 'socio-economic index' are defined in Section 2 above. 
Multi-variable regression
Following the examination of each factor individually, several multi-variable regressions were carried out with the gross margin as the dependent factor. Two regressions emerged as the most significant, based on using either population size (Table 4) or sales revenue (Table 5) as the indicator of the utility size. These two factors, population size and sales revenue, are highly correlated, and therefore could not be used in the same regression.
Five independent variables showed a significant connection with the utilities' gross margin:
• year of financial report
• age of utility
• municipal standing of most of the utility population diversity
• size, as indicated either by the total population served or by the sales revenue; the total contribution to explaining the variance in profitability was similar in both cases.
The coefficient of the year variable was negative, reflecting the trend of decreasing profitability over time. Positive coefficients were found for age, ethnicity, and the municipality's definition as urban (Tables 4 and 5) , as well as population size (Table 4) and sales revenue (Table 5 ). The gross margin exhibited a downward trend of about 5% per year. Utilities improved with age; on average, an increase of one year in experience increased the utility's gross margin by about 4%; although in practice the increase is somewhat larger than that in the utility's first few years, and lowers in later years ( Figure 1 ). The gross margin in utilities serving urban municipalities was on average 22% higher than in utilities serving small local municipalities. An increase of 10,000 in population size brought, on average, an increase of about 0.6% in the gross margin. However, the population-margin connection is highly variable, and the impact tapers off, and even reverses trend, at large population levels ( Figure 2 ). Notes: R 2 ('coefficient of determination') measures how well the data fits the regression model. The range usually varies from 0 to 1, where '1' indicates a perfect fit between the regression line and the data. Adjusted R 2 takes into account the number of independent variables, as R 2 often increases with an increase in the number of variables in the regression. *p < 0.10, **p < 0.05, ***p < 0.01 Table 5 Regression results for the effect of socio-demographic variables on the gross margin, with the utility's sales revenue as an indicator of utility size Notes: R 2 ('coefficient of determination') measures how well the data fits the regression model. The range usually varies from 0 to 1, where '1' indicates a perfect fit between the regression line and the data. Adjusted R 2 takes into account the number of independent variables, as R 2 often increases with an increase in the number of variables in the regression. *p < 0.10, **p < 0.05, ***p < 0.01
Conclusions and recommendations
The research shows some advantage to size in water utilities: profitability (in percentage of sales revenue) increases with total sales revenue, as well as with the size of the population served. In both cases the increase follows a logarithmic function, with the profitability increasing at a greater rate for the smaller utilities than for larger ones.
Profitability increases with the utility's age, especially in the first years of operation. The socio-economic index is an important factor, with the economic conditions taking a particularly high toll on middle class municipalities. The profitability relative to the residents' socio-economic status is U shaped; i.e., profitability is higher in both high-and low-socio-economic areas, and lower in middle class areas, leading to the conclusion that utilities in middle-class areas may improve their profitability by including on low-income areas in their service area. The profitability of utilities in urban areas is higher than in the local/rural municipalities. Profitability is higher in compact municipalities; lower in more mountainous areas; higher in more centrally located municipalities; higher in regions close to Tel-Aviv and becomes lower as the distance grows greater.
These conclusions are important for setting the Israeli Water Authority's priorities in establishing and providing support to water utilities. The transition from municipal water services to water utilities is more likely to succeed in towns and cities rather than in small municipalities, and the rural utilities should be encouraged to merge with urban ones. The municipalities that may need more financial support than average from the Water Authority in the process of establishing water utilities include the ones located in ethnic minority areas and in mountainous areas, as well as in local/rural municipalities, dispersed municipalities, and some middle class municipalities that 'fall between the chairs'.
Additional conclusions
• Utility analysis should be done separately for the water and wastewater sectors, as the factors that drive profitability are different for each sector.
• Utilities have relatively greater potential for improved efficiency in the wastewater treatment sector than in the water sector.
• Different dimensions of utility functioning should be considered: financial, economic, environmental and social.
• To increase profitability, municipalities should join an existing utility and strive to serve a relatively large population.
• Older and larger utilities are more effective in reducing water depreciation.
• While reducing water consumption benefits the society at large, at least in the short run it also reduces the profitability of the utilities.
The main recommendation is to merge small utilities with large water utilities, aiming to increase the size of the population served by each utility. For example, a utility with high income from a large agricultural area, but a small and sparse population, would be considered a 'small utility' that should merge with an urban utility to increase the total population size, rather than with another utility with a small population, even if the latter one has a relatively high income from other sources. The highest benefit would accrue to very small utilities, who should be particularly encouraged to merge with larger ones. Continued work on the project is focused on the question of determining the utilities' optimal size on a national level and for each individual region in the country.
